Kidney transplantation is the preferable treatment in Type I (insulin-dependent) diabetic uremic patients as life expectancy greatly improves with a successful kidney transplant and withdrawal from haemodialysis is possible [1] . In these patients a simultaneous transplant of the pancreas has a positive effect on patient survival and quality of life because metabolic control and neuropathy are improved [1±3].
Summary Monoclonal components (MC) are detected in as high as 30 % of renal transplant recipients. Our aim was to evaluate the incidence, relevance and consequence of monoclonal components in patients with Type I (insulin-dependent) diabetes who received kidney (n = 22), kidney and whole pancreas (n = 41), kidney and segmental pancreas (n = 24) and kidney and islets (n = 12) transplants. Immunosuppression was based on prophylactic anti-lymphocyte globulins, corticosteroids, azathioprine and cyclosporin in all patients; acute rejection was treated with steroids or anti-lymphocyte monoclonal immunoglobulin therapy (OKT3) or both. Serum immunofixation was carried out in all patients before transplantation and then after at 6 months and then yearly. Monoclonal components were detected in 81 of 99 patients (82 %); 52 patients (52 %) developed them within 6 months of transplantation, 15 (15 %) between 6 and 12 months, with a peak prevalence at 1 year post-transplant (58 %) and a decrease thereafter (10 % at 9 years). Kidney recipients showed a lower incidence of monoclonal components when compared with those who received kidneys and segmental pancreases and those who received kidneys and whole pancreases. Monoclonal components were more often detected in patients who had previously experienced an acute renal rejection. Cytomegalovirus infection and acute rejection occurring in the same patient further increased the risk of developing monoclonal components, the development of which did not correlate with OKT3 treatment. A Post-transplant lymphoproliferative disorder was developed by two patients (2 %), one with 5 and the other with 6 monoclonal components. In conclusion, diabetic patients receiving kidney and/or Pancreas transplantation, experiencing both cytomegalovirus infection and acute rejection, are at greatest risk of developing monoclonal components but they appear to be benign and transient; multiple band detection is a marker for the subsequent development of post-transplant lymphoprolifertive disorder. [Diabetologia (1998) 
Keywords Pancreas transplantation, kidney transplantation, monoclonal immunoglobulins, immunosuppression quiring a cumulative higher degree of immunosuppression, with an increased risk of short and longterm complications, such as infections or malignancies or both [5±9] . Nevertheless preliminary studies have not shown a difference between the two groups of patients in terms of incidence of malignancies [10] .
A strikingly high incidence of post-transplant lymphoproliferative disorder (PTLD) has been observed after cyclosporin treatment, and anti-lymphocyte monoclonal immunoglobulin therapy (OKT3), most of which are non-Hodgkin lymphomas (NHL) of beta-cell lineage, occurring early after transplantation and in some cases regressing after reduction or withdrawal of immunosuppression [6, 11] .
The incidence of monoclonal components (MC) in the general population is 0.1±1.25 %, increasing with age; some studies report a peak prevalence of 3 % in people older than 70 years [12, 13] . They are associated with a variety of conditions, including neoplasms of the lymphoproliferative system, so-called gammopathies of undefined significance (MGUS), solid neoplasms and non-tumorous diseases (e. g. autoimmune diseases). In some cases they disappear when patients recover from the underlying disease, but they are more often persistent in chronic disorders or may finally transform into multiple myeloma. Immunoglobulin abnormalities are a frequent finding after renal transplantation. They are detected in as high as 30 % of renal transplant recipients, differing from those found normally in humans because they are more often multiple and are usually transient [14, 15] . Such MC, reflecting the expansion of betacell clones, may precede a PTLD: they necessitate careful evaluation and follow-up.
The aim of our study was to evaluate MC incidence, risk factors for MC development and MC significance in patients with Type I diabetes who underwent kidney, kidney and pancreas, and kidney and islets transplants.
Subjects and methods
Patients. We studied the 99 patients with Type I diabetes who underwent a renal transplantation at our institute between July 1985 and November 1995. Of the patients 65 received a simultaneous kidney and pancreas transplant comprising 41 whole pancreas transplants with bladder-derived exocrine secretions and 24 segmental, neoprene-injected, pancreas transplants. Of the remaining 34 patients 12 received simultaneous islets-kidney transplantation and 22 only a kidney.
Immunosuppression. Prophylactic immunosuppression was based on a sequential quadruple regimen in all patients: antilymphocyte serum (ALG: 4250 lymphocytotoxic units × kg ±1 × day ±1 for the first 10 days between July 1985 and March 1994 or antithymocyte globulin serum: ATG: 125 mg/day for the first 10 days after June 1994); cyclosporin, 7 mg × kg ±1 × day ±1 adjusted according to whole blood levels trough concentration of 150±250 ng/ml (EIA, monoclonal); azathioprine, 150 mg/day then tapered according to leucocyte cell count; steroids, 1 mg × kg ±1 × day ±1 between 1985±1989 or 0.25 mg × kg ±1 × day ±1 since 1990, then tapered to 10 mg/day in both cases. Anti-acute rejection treatment was based on three to five intravenous boluses (500 mg) of methylprednisolone; OKT3 was given for steroid-resistant rejection episodes.
Methods. All sera were investigated using the DAKO immunofixation kit (DAKO A/S, Glostrup, Denmark) with minor personal modifications. The sera were diluted with 0.9 % saline to obtain a 1 gram per litre concentration of immunoglobulins, then were applied to the agarose-gel; electrophoresis was done in an electric field of 100 V for 25 min in a tri-barbiturate buffer. Anti-sera against human immunoglobulin heavy and light chains (anti-g, m, a, k, l) were applied to the gel after electrophoresis; after a 15 min incubation in a moist chamber, unfixed proteins were removed by rinsing in 0.9 % saline. The gel was then dried and stained with black-amid; protein bands were visually evaluated.
Epstein-Barr virus (EBV) and cytomegalovirus (CMV) serology (IgG and IgM: ELFA, Biomerieux, Lyon, France) was evaluated at regular intervals before and after transplantation. We defined ªseroconversionº as the development of IgG in a previous negative patient and ªreactivationº as the development of IgM in an IgG positive patient.
Research plan. Immunofixation was evaluated in all patients before transplantation and after transplantation weekly during the first 2 months, at 6 months and then yearly. Incidence of rejection episodes, CMV infections and OKT3 treatment was calculated for each patient. Data were compared by means of the chi-square test, with Yates correction for continuity.
Results
Clinical characteristics of patients are reported in Table 1. The rate of kidney rejections was higher in patients receiving kidney-pancreas than in patients receiving kidney transplant alone. The other variables were similar in the four groups of patients. All but one patient had a negative immunofixation for MC before transplantation. We detected MC in 81 out of 99 patients (82 %) after transplantation. All MC were quantitatively less than 1 gram per litre. At the onset 51 % of MC were kappa, 28 % were lambda and 21 % were kappa-lambda. Patients receiving kidney and pancreas transplantation showed insignificantly higher MC incidence than patients receiving only kidney transplants (kidney and pancreas 90 %, kidney and segmental pancreas 83 %, kidney 73 %, kidney and islets 67 %). Within 6 months of transplantation 52 patients (52 %) developed MC, 15 (15 %) between 6 and 12 months, with a peak prevalence at 1 year posttransplantation (58 %) and a decrease thereafter (10 % at 9 years). No difference of MC prevalence was observed among the four groups of patients (Table 2). The increase of MC prevalence at 9 years (10 %) is due to recurrence at 8 years of 3 bands MC in one patient affected by renal failure. This patient returned to dialysis at 10 years, with a reduction of MC from 3 to 1 band. The mean onset of MC was at 10 ± 9 months (range 1 month±5 years), the mean disappearence was at 16 ± 4 months (range 1 month±6 years), and the recurrence of MC was observed in 17 % of cases, 29 ± 23 months (range 4 months±9 years) after MC disappearence. Recurrence was observed in 4/37 kidney and whole pancreas patients, 8/ 20 kidney and segmental pancreas patients, 1/16 kidney patients, 1/8 kidney and islets patients. We detected MC more often in patients who had previously experienced an acute renal rejection or CMV infection or both: acute rejection was 61 % compared with 39 % non-acute rejection (p = 0.01); CMV infection was 56 % compared with 44 % non-CMV infection (p = ns). CMV infection and acute rejection occurring in the same patient further increased the risk of developing MC: rejection plus CMV infection was 89 % compared with 42 % non-rejection plus non-CMV infection (p = 0.01). No significant difference in MC incidence was found between the patients who experienced a course of OKT3 treatment and those who did not (84 % vs 81 %, p = ns). Most patients showed one to three MC without further haematological abnormalities. In two patients five and six MC were detected. Both patients developed a beta-cell lymphoma (PTLD) shortly after kidney and whole pancreas transplantation. The first patient was a 45 years old and was treated for three kidney rejection episodes with steroid pulses (3 days) and OKT3 (14 days). He developed fever on day 44, and his general condition deteriorated. On day 54 five MC were detected. On day 60, hepatic failure ensued. He developed intravascular disseminated coagulation and died 5 days later. At autopsy PTLD affected (listed in decreasing intensity); allograft and native kidney and pancreas, liver, duodenum and antrum, spleen, heart and brain. This patient was serologically positive for EBV at the time of Tx, with no serologic evidence of subsequent EBV infection. The second patient was a 34 years old and underwent two acute rejection episodes, treated with three boluses of steroids, OKT3 (18 days) and ATG (10 days). He developed fever and an enlargment of cervical and axillary lymph nodes. On day 47, six MC were detected. The histological examination of an axillary lymph node and liver biopsy confirmed the diagnosis of PTLD, positive for EBV. All immunosuppression was interrupted. The clinical picture ameliorated progressively with disappearance of lymphoadenopathy. Two MC were detectable at 6 months, and disappeared at 9 months. This patient is still alive 5 years after transplantation, with both transplanted organs functioning.
Before transplantation EBV and CMV serology (IgG positive or negative) transplantation did not influence the rate of MC (Table 3) . CMV seroconversion or reactivation during the follow-up was observed in 30 % of patients who developed MC and in 24 % of patients who did not develop MC. EBV seroconversion or reactivation during the follow-up was observed in 14 % of patients who developed MC and in 7 % of patients who did not develop MC. 
Discussion
The detection of MC in our patients was more frequent than reported previously in kidney graft recipients. The higher incidence of immunoglobulin abnormalities in patients on cyclosporin has been described [14, 15, 16] . Cyclosporin interferes with T-cell function blocking the release of interleukin 2; impaired control of beta-cell clones by suppressor T-cells could predispose to the development of MC. Only in a minority of cases does this clonal expansion progress to malignant PTLD [13, 15] . We gave cyclosporin and ALG/ATG to all patients, as is included in our standard anti-rejection prophylactic regimen which could explain our high incidence of MC. As in previous reports [13±16], MC in our patients were first detected within 1 year of transplantation. They were mostly transient which with the low concentration of the bands, suggests their benign nature.
The two patients who developed a beta-cell lymphoma showed five and six MC on immunofixation, respectively, shortly before neoplasms were diagnosed. In both patients overimmunosuppression resulted from treatment of steroid-resistant rejection episodes, after initial MC detection. Moreover, association with an Epstein-Barr virus infection was demonstrated, which by activating beta-cells, can induce their transformation especially when reduced T-cell surveillance is present. Only these two patients developed a number of MC greater than four. These findings should warn of the danger of malignant evolution when a policlonal escape occurs underlying a major immunological disorder. When a clone takes advantage and grows uncontrolled a lymphoproliferative disease is the final consequence. Immunosuppression withdrawal could be life-saving in these cases, especially before the malignant transformation ± helping to restore the T-suppressor control.
The higher incidence of MC in combined kidney and pancreas than in kidney, and kidney plus islets recipients could be due to the higher rate of kidney rejection in these patients, leading to higher immunosuppression. Surprisingly, patients who received OKT3 after methylprednisolone for steroid-resistant rejections did not show an increased incidence of MC. No difference in viral infections was found among the different groups of patients.
In our study we did not find any correlation between CMVand EBV serology before transplantation and the development of MC. Both acute rejection and cytomegalovirus infection correlated with MC detection. Development of MC during or after cytomegalovirus infection is known to occur in groups who have and who have not received transplants [17] .
In conclusion kidney and pancreas recipients, experiencing both cytomegalovirus infection and acute rejection, are at greatest risk of developing MC. Such MC appear to be benign and transient. Multiple bands detection may be a marker for subsequent progression to PTLD, in particular when associated with overimmunosuppression or Epstein Barr virus infection or both. 
